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Schiff bases are a class of compounds with unique biological, analytical and industrial properties. The 
active pharmacophore (-N=CH-) of Schiff bases plays a major role in these significant biological 
activities. However, the attached neighbouring groups may also affect the activity.  
Hesperetin (5,7,3'-trihydroxyl-4'-methoxyl-flavanone) is a kind of flavonoid which occurs 
ubiquitously in plants, fruits, flowers and foods of plant origin. Hesperetin has 
multiple biological and pharmacological activities, including inhibition of cancer development, effects 
on the blood-brain barrier, signal transduction pathways, etc. However, antioxidant activity of hesperetin 
is insignificant, therefore three hesperetin hydrazones (HTSC, HIN and HHSB) (Fig. 1) were synthesized 
in order to increase the biological properties including antioxidant activity. 
 
Fig. 1. The studied compounds: hesperetin, Schiff bases (HHSB, HIN, HTSC) 
 
Free radical scavenging capacity of (poly)phenols is generally attributed to the hydrogen atom lability 
of the OH groups attached to aromatic rings (A-OH). However in some other antioxidants such as Schiff 
bases, NH and SH groups may provide labile hydrogen [1]. The formal H-atom abstraction from standard 
(poly)phenols described by: 
                
is known to involve complex processes. It has been recognized that this reaction proceeds via at least 
three different mechanisms: single-step hydrogen atom transfer (HAT), single electron transfer followed 
by proton transfer (SET-PT) and sequential proton loss electron transfer (SPLET). These mechanisms 
may co-exist, and they depend on solvent properties and radical characteristics. The net result from all 
mechanisms is the same, i.e., as given in reaction. 
DPPH
•
 assay is routinely practised for assessment of free radical scavenging potential of an 







evaluation of antioxidant properties of the compounds. DPPH
•
 is a stable radical in solution and appears 
purple colour absorbing at 515-520 nm in different solvent systems. In contact with antioxidant molecule, 
the radical DPPH
•
 reduces to DPPH2 and the purple colour changes to yellow. The colour is monitored by 
spectrophotometrically and utilised for determination of parameters for antioxidant properties. The 
original DPPH
•
 assay procedure has beed adopted in different labs but with modifications for 
convenience. However, the most of the studies are based on fixed reaction time ranging from 20-30 min 
instead of total reaction time that is actually required to attain steady state to complete this redox reaction. 
Thus, the DPPH
•
 assay appears simple in nature but due to its stable nitrogen radical and, many 
antioxidants might react with different kinetics or might not react at all. 
The aim of the present work was to ascertain correlations between the experimental radical scavenging 
activity of hesperetin Schiff bases by using DPPH
•
 assay and the geometry optimizations of parent 
molecules, radicals and radical cations were using PM3/DFT(B3LYP) method with the use of 6-31G(d,p) 
basis set. In the presented study the two methods in methanol medium, (a) steady state reaction time and 
(b) fixed reaction time, to simultaneously estimate kinetics and effective concentration of  DPPH
•
 
scavenging by a number of antioxidants were performed. The comparison of these two methods in this 
study revealed expected noticeable differences. The biological measurements on mitochondrial cells were 
also performed. 
The reaction between DPPH
•
 and antioxidant is basically a kinetic driven process. Kinetic spectra 
were performed for individual compounds till steady state saturation was attained. The steady state 
analysis were performed in an excess of DPPH
•
 radical in order to exhaust the H-donating capacity of 
(poly)phenols as it is performed in fixed reaction time method. Fig. 2 presents the kinetic scans of 
hesperetin and its derivatives. 
 
Fig. 2. The dependence of absorbance at 516 nm at a different concentration of antioxidant in the 
reaction mixture of DPPH
•
 (56 M)  
in MeOH:DMSO medium (97.5%:2.5% (v/v)) 
 
None of the studied compounds did not reach the completion of the reaction in 30 min. This time 
duration (20-30 min) is usually considered by most authors in fixed reaction time mode for estimation of 
antioxidant properties. All tested compounds were considered under slow kinetics. 
EC50 values at fix time for HTSC, HIN, HHSB and hesperetin were 25.66±2.03, 29.89±2.77, 
57.46±3.65 and 32.28±4.31 M respectively. While, at steady state, EC50 for HTSC, HIN, HHSB and 
hesperetin were 19.03±2.66, 59.63±10.86, 228.41±11.22 and 68.99±15.72 M respectively. 
The DFT(B3LYP)/6-31G(d,p)  calculations of reaction enthalpies related to several possible 
mechanisms for free radical scavenging by hesperetin and its derivatives (HTSC, HIN, HHSB): HAT, 
SET-PT and SPLET indicated that the compounds studied can react with DPPH
•
 via at least two 
mechanisms: HAT and SPLET. SPLET mechanism is more preferable in polar solvents that suport 
ionization, while in nonpolar solvents and in the gas phase the HAT mechanism is thermodynamically 
more preferable. Our calculations showed that the HAT and SPLET mechanism are both associated with 
the most stable 3’-O• radicals. These radicals may be formed by single hydrogen atom abstraction from 
3’-OH group (HAT) or they may be formed as a result of charge redistribution and resonance stabilization 
of the 7-OH phenoxide anions in methanol (SPLET). It is assumed that in DMSO the additional reaction 
pathway involving radicals formed by the N-H cleavage of the keto form of HIN, HHSB and HTSC may 
also contribute to the complex mechanism of DPPH
•
 radicals scavenging by the compounds studied.  
HIN and HTSC prevented the development of oxidative stress and protected mitochondrial 
membranes from oxidative damage more effectively than HHSB and hesperetin, significantly reducing 
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Сегодня на продовольственном рынке Республики Беларусь присутствует большое разнообра-
зие рыбы пряного посола. Для расширения ассортимента и улучшения потребительских характе-
ристик готовой продукции была разработана пряно-солёная смесь, по трем рецептурам, пред-
ставленным в таблице 1. 
 
Таблица 1 – Рецептуры пряно-солёной смеси на 1 л воды 
 
Добавка, г Рецептура № 1 Рецептура № 2 Рецептура № 3 
Соль 200 200 200 
Сахар, г 100 100 100 
Перец душистый 1,5 1,5 1,5 
Гвоздика 1,5 1,5 1,5 
Лавровый лист 1,5 1,5 1,5 
Корица 1,5 - -- 
Мускатный орех - 1,5 - 
Кардамон - - 1,5 
 
 В воду, нагретую до кипения, загружали помещённые в холщовый мешок пряности, согласно 
рецептуре, и варили при температуре 90-95 °C в течение 15-20 мин, затем мешок вынимали и 
закладывали сахар. После растворения сахара заливку охлаждали до 15-20 °C.  
Осуществляли пряный посол рыбы, после которого были отобраны образцы, причем образ-
цам форели № 1, 2, 3 соответствует рыба, посоленная с использованием пряно-солёной смеси 
рецептур № 1, 2, 3, соответственно. 
После созревания рыбы, в течение двух недель были проверены органолептические показатели 
качества пряной форели. По результатам исследования составлена сводная таблица оценки каче-
ства образцов (таблица 2). 
Анализируя данные таблицы 2 можно сделать вывод, что в среднем, по всем органолептиче-
ским показателям образец № 2 имеет высшее качество, затем следует образец № 1, уступая по 
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